Background-The importance of completeness of revascularization by percutaneous coronary intervention in patients with multivessel disease is unclear in that there is little information on the impact of incomplete revascularization outside of randomized trials. The objective of this study is to compare long-term mortality and subsequent revascularization for percutaneous coronary intervention patients receiving stents who were completely revascularized (CR) with those who were incompletely revascularized (IR). Methods and Results-Patients from New York State's Percutaneous Coronary Interventions Reporting System were subdivided into patients who were CR and IR. Then subsets of IR patients were contrasted with CR patients. Differences in long-term survival and subsequent revascularization for CR and IR patients were compared after adjustment for differences in preprocedural risk. A total of 68.9% of all stent patients with multivessel disease who were studied were IR, and 30.1% of all patients had total occlusions and/or Ն2 IR vessels. At baseline, the following patients were at higher risk: those who were older and those with more comorbid conditions, worse ejection fraction, and more renal disease and stroke. After adjustment for these baseline differences, IR patients were significantly more likely to die at any time (adjusted hazard ratioϭ1.15; 95% confidence interval, 1.01 to 1.30) than CR patients. IR patients with total occlusions and a total of Ն2 IR vessels were at the highest risk compared with CR patients (hazard ratioϭ1.36; 95% confidence interval, 1.12 to 1.66). Conclusions-IR with stenting is associated with an adverse impact on long-term mortality, and consideration should be given to either achieving CR, opting for surgery, or monitoring percutaneous coronary intervention patients with IR more closely after discharge. (Circulation. 2006;113:2406-2412.)
U nlike the case in coronary artery bypass graft (CABG) surgery, in which most patients are completely revascularized (CR) and in which CR has been demonstrated to be associated with better long-term outcomes, 1-5 the strategy for patients with multivessel disease undergoing percutaneous coronary intervention (PCI) frequently involves incomplete revascularization (IR). In IR, balloon angioplasty and stent placement are performed on only some of the patient's diseased vessels. Reasons for not attempting to treat all diseased vessels may include the presence of 1 or more chronic total occlusions, the presence of serious medical conditions such as severe left ventricular dysfunction, or the decision to treat only the "culprit lesion" that is thought to be responsible for the patient's symptoms.
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Several studies have compared long-term outcomes of CR and IR patients with the use of PCI. 6 -16 Most of these studies were conducted before the introduction of coronary stenting, however, and many were conducted in the context of randomized trials in which IR patients were monitored more closely than they would be under normal circumstances.
The purpose of the present study was to compare long-term outcomes (3-year mortality and 3-year subsequent revascularization) for patients with multivessel disease who were CR and IR with coronary stenting. When significant differences were found, we then focused on groups of IR patients for whom the outcomes were the worst, namely, patients with total occlusions and/or patients with Ն2 IR vessels after revascularization.
Methods

Data and Patients
The primary database used in the study is New York State's Percutaneous Coronary Interventions Reporting System (PCIRS), which contains patient demographics, risk factors, complications, and discharge disposition along with patient, operator, and hospital identifiers. PCIRS also includes information on the number of coronary vessels diseased (by noting whether each vessel has Ն70% stenosis) and the specific vessels for which PCI was attempted. An attempt is defined as an attempt to cross a lesion with a guidewire regardless of the success of this effort.
In-hospital deaths reported in PCIRS were matched against New York's administrative acute care hospital discharge data set (Statewide Planning and Research Cooperative System) to ensure accuracy, and hospitals were asked to resolve any discrepancies. In addition, the accuracy of risk factor reporting was ascertained by having the New York State Department of Health's utilization review agent audit hospitals' medical records. To obtain deaths after discharge from a hospital, New York's Vital Statistics Death File was linked to PCIRS by patient Social Security numbers. Subsequent revascularizations were obtained by using patient Social Security numbers to match against future PCI procedures in PCIRS and future CABG procedures in New York's CABG surgery registry, the Cardiac Surgery Reporting System.
Patients in the study included all patients with multivessel disease (defined as stenosis Ն70% in at least 2 of the 3 main coronary arteries) who underwent stenting in nonfederal New York State hospitals between January 1, 1997, and December 31, 2000, except patients with previous revascularization, left main disease (defined as stenosis Ͼ50%), or an acute myocardial infarction during the 24-hour period before undergoing PCI; patients who had CABG surgery after PCI in the index admission; and non-New York patients. The study was limited to New York residents because the New York Vital Statistics Death File applies only to residents of the state.
Complete revascularization was defined as attempting all lesions with Ն50% stenosis in major epicardial coronary vessels (proximal, mid, and distal right coronary artery, left anterior descending, and left circumflex) either during the index hospitalization or any time within 30 days after discharge from the index hospitalization but before suffering a new myocardial infarction. Patients not meeting these criteria were regarded as IR patients. The subset of IR patients defined as having total occlusions included patients with 100% stenosis before and after undergoing stenting.
The decision to perform CR or to perform targeted revascularization or IR on a given patient was made at the discretion of the consulting cardiologist and interventional cardiologist. The factors involved in this decision were multiple and included, among others, risk-benefit ratio, the complexity of the lesions, identification of a culprit lesion, the amount of contrast used or anticipated to be required, comorbid conditions, and clinical presentation.
Data Analysis
The primary purpose of the present study was to determine whether long-term mortality was significantly different for stent patients with multivessel disease who were CR and IR, as well as to determine whether long-term mortality differed according to the specific characterization of the IR.
A secondary purpose was to determine whether there were differences in rates of subsequent revascularization for the aforementioned groups of patients. Another purpose was to compare long-term mortality for high-risk subgroups of patients (diabetics, patients with compromised left ventricular function, and patients aged Ն80 years).
Differences between IR patients and CR patients with respect to potential risk factors for long-term outcomes were examined with the use of 2 and Fisher exact (for binary risk factors) tests with a 0.05 level of significance. Factors included the number of vessels diseased, patient age and sex, a variety of comorbidities, and measures of the patient's hemodynamic state and ventricular function.
After we verified that the proportional hazards assumption was reasonable, 17 we tested for differences in long-term mortality between IR patients and CR patients while controlling for differences in the 2 groups with respect to various patient risk factors. A backward stepwise Cox model with PϽ0.05 was first used to identify patient risk factors that were significantly related to longterm mortality. Type of revascularization was then added to the group of significant patient risk factors as an independent binary variable with "1" denoting the IR subgroup. The point estimate and its confidence interval (CI) were calculated for the hazard ratio (HR) for IR. Initially, each patient was classified into 1 of 5 anatomic groups on the basis of whether 2 or 3 vessels were diseased (with Ն70% stenosis), whether there was significant disease in the left anterior descending artery, and, if there was, whether it was in the proximal region. The intent was to use 5 separate multivariable analyses to investigate differences between the IR subgroups and CR patients for each anatomic group. However, a single multivariable analysis that included 4 of the 5 groups as indicator variables and the other as a reference category revealed that the groups did not have significantly different long-term survival, and therefore subsequent analyses included all anatomic groups in a single statistical model.
The aforementioned analyses were then repeated after 3 high-risk subgroups of IR patients were identified (total occlusion and another IR vessel, no residual total occlusion but Ն2 IR vessels, total residual occlusion but no other IR vessel) to determine the difference in survival for each of these groups relative to CR patients. Adjusted survival curves were generated with the Cox model in conjunction with methods described by Ghali et al. 18 To test survival differences between CR patients and IR patients for 3 subsets of patients with increased risk (patients with diabetes, compromised ventricular function [defined as left ventricular ejection fraction Ͻ40%], and patients aged Ն80 years), we repeated the Cox survival analyses after restricting the data set to each of these groups.
We then investigated differences in subsequent CABG surgery and subsequent PCI for CR patients and each of the high-risk subgroups of IR patients. A curve describing the percentage of patients in each group who underwent subsequent CABG surgery was generated with Kaplan-Meier estimates with censoring for deaths that occurred before subsequent CABG surgery.
Selection bias was examined with a propensity model. 19, 20 The significant predictors of high-risk IR groups were identified by fitting a logistic regression model with a binary dependent variable representing IR. For each anatomic group, the propensity score was subdivided into quintiles, and HRs were compared across quintiles. All statistical analyses were conducted with SAS (version 8.2; SAS Institute, Cary, NC).
The authors had full access to the data and take responsibility for its integrity. All authors have read and agree to the manuscript as written.
Results
A total of 21 945 stent patients participated in the study; a total of 15 128 (68.9%) of these patients were IR. The range of IR patients by hospital was from 52% to 88%. Table 1 presents percentages of IR for various demographics and patient risk factors. Patient characteristics associated with IR were older age (76.8% IR for patients aged Ն80 years compared with 68.9% for all stent patients in the study), lower ejection fractions (Ͼ81% IR for patients with ejection fractions Ͻ30%), myocardial infarction that occurred Ͼ1 week before admission, 3-vessel disease (89.0% IR), and a variety of comorbidities.
When significant patient risk factors for long-term mortality were identified and adjusted for, the adjusted HR for IR patients relative to CR patients was 1.15 (95% CI, 1.01 to 1.30). The next portion of the study concentrated on identifying the various subgroups of the IR patients (patients with 1 IR vessel and no total occlusions, Ն2 IR vessels and no total occlusions, 1 total occlusion and no other IR vessels, and Ն2 IR vessels and at least 1 total occlusion). Table 2 presents the unadjusted and adjusted HRs for mortality for each of these groups of IR patients relative to CR patients. As indicated, when the data were not adjusted for severity of illness, patients in the IR subgroups were significantly more likely to die at any time than other patients. The HRs for these IR patients relative to other patients were 1.20 for patients with 1 IR vessel and no total occlusion, 2.77 for patients with Ն2 IR vessels and Ն1 total occlusions, 1.81 for patients with 1 total occlusion and no other IR vessels, and 1.88 for patients with Ն2 IR vessels and no total occlusions. All of these HRs were statistically significant (with Pϭ0.01 for the first group and PϽ0.001 for the other 3 groups).
When the data were adjusted for patient severity of illness before the revascularization, survival differences between the IR and CR groups were more similar but still statistically different for all but 1 comparison. The HR for the IR patients with 1 IR vessel and no total occlusion was not significant (HRϭ1.00; 95% CI, 0.87 to 1.15; Pϭ0.99). However, the respective adjusted HRs for the other 3 groups of IR patients were 1.36, 1.35, and 1.25. All of these HRs were statistically significant (with Pϭ0.002, PϽ0.001, and Pϭ0.02, respectively). Figure 1 presents adjusted survival curves for the CR group and the 3 subgroups of IR patients with significantly lower survival. The adjusted survival percentage at 3 years for CR patients was 91.4%, and the adjusted survival percentages for the respective IR groups were 89.5%, 88.8%, and 88.7%. Figure 2 demonstrates that the need for subsequent CABG surgery after stenting ranged from 6.5% within 3 years for CR patients and 10.3% for patients with 2 IR vessels and no total occlusions. This difference was statistically significant (PϽ0.001), whereas no other IR groups were statistically different from CR patients.
The need for subsequent PCI within 3 years was higher for patients with 2 IR vessels and no total occlusions (28.1%) and for patients with 1 IR vessel and no total occlusions (26.2%) than it was for CR patients (23.5%). However, the IR group with a single total occlusion had a significantly lower (PϽ0.001) rate of subsequent PCI (17.4%) than the group of CR patients. Of the 17.77% of patients requiring subsequent PCI, 8.74% (slightly less than half) were referred for target lesion revascularization. In addition, the percentage of patients undergoing subsequent revascularization for an acute myocardial infarction was 11.05%. This percentage was 10.09% for CR patients and 11.46% for IR patients (Pϭ0.16 for difference).
The survival advantage for patients not in the 3 IR subgroups with lower survival was less pronounced for diabetics, patients with ejection fraction Ͻ40%, and patients aged Ն80 years and was not significant after adjustment for risk for any of the subgroups (Table 3 ). The respective HRs for mortality and their 95% CIs for these groups were 1.24 (1.00 to 1.55), 1.13 (0.86 to 1.48), and 1.28 (0.97 to 1.70).
When patients with a previous myocardial infarction at any time before the index procedure were removed from the data set, the mortality HRs for the 3 groups of IR patients with In the propensity analysis, significant covariates included worst lesion type attempted, age, sex, ejection fraction, previous myocardial infarction, stroke, carotid/cerebrovascular disease, aortoiliac disease, femoral/popliteal disease, congestive heart failure, diabetes, number of diseased vessels/left anterior descending artery involvement, and hospital IR percentage. The C statistic for the model was 0.78, which is indicative of good discrimination. Distributions of IR cases ranged from 20% to 88% across quintiles. HRs all favored CR patients and were relatively consistent, ranging from 1.19 for the quintile with the second highest percentage of IR patients to 2.02 for the quintile with the lowest percentage of IR patients. The quintile with the highest percentage of IR patients had a 1.93 HR. Thus, in addition to the HRs being similar across quintiles, there was not a monotonic decrease in hazards as the percentage of IR cases decreased across quintiles.
Discussion
Multiple surgical series have identified better long-term outcomes for CABG patients who are CR. [1] [2] [3] [4] [5] However, studies that compare outcomes for IR versus CR for PCI have yielded results that are not as definitive. 6 -16 Most of these studies are relatively old and may not be reflective of current practice because of the numerous advances that have been made in PCI during the course of the last decade, particularly with respect to the introduction of and improvement in the technology of stent placement.
There are a few relatively recent studies that compare IR and CR. In the Arterial Revascularization Therapies Study (ARTS) trial, van den Brand et al 8 found that among stented angioplasty patients with multivessel disease who underwent either CR or IR, the IR patients had a significantly lower 1-year event-free survival rate than CR patients (69.4% versus 76.6%; PϽ0.05) and that the difference was attributable to a higher incidence of subsequent CABG procedures (10.2% versus 2.0%; PϽ0.05). Using data from the National Adjusted by age, ejection fraction, stroke, carotid artery disease, aortoiliac disease, femoral/popliteal disease, shock, hemodynamic instability, cardiopulmonary resuscitation, congestive heart failure, chronic obstructive pulmonary disease, diabetes, renal failure, and left ventricular hypertrophy. Heart, Lung, and Blood Institute Percutaneous Transluminal Coronary Angioplasty Registry containing outcomes for CR and IR patients with multivessel disease, Bourassa et al 9 concluded that the adjusted risk of mortality, having a Q-wave myocardial infarction, recurrent angina, or a repeated PCI was not different at 9-year follow-up for IR and CR patients but that IR patients were more likely to undergo CABG (32% versus 14%; PϽ0.001) and were more likely to experience recurrent angina at 9 years (19% versus 10%; PϽ0.05). Mariani et al 6 found no differences in 1-year mortality (1.4% versus 0%) or in 1-year adverse events (11.3% versus 11.2%) between IR and CR patients with multivessel disease with unstable angina. However, the study had low statistical power, with only 44 CR patients and 147 IR patients. 6 In a study of diabetic patients with multivessel disease who underwent PCI, Nikolsky et al 10 found that IR patients had a significantly lower 5-year survival rate (83.0% versus 94.5%; PϽ0.001) and a significantly lower myocardial infarction-free survival rate (79.9% versus 92.9%). In addition, after adjustment for patient risk, IR was significantly related to higher mortality (95% CI for HRϭ1.54 to 7.69; Pϭ0.003).
The results of our present study demonstrate that subsets of stent patients with multivessel disease who were IR had significantly worse long-term survival than CR patients, even after adjustment for patient risk. The groups that had at least 1 total occlusion and at least 2 IR vessels had the worst rate of survival relative to CR patients (adjusted HRϭ1.36; 95% CI, 1.12 to 1.66; PՅ0.001). For patients with 1 vessel totally occluded and no other IR vessels, the adjusted HR was 1.35 (95% CI, 1.14 to 1.59; Pϭ0.002), and for patients with Ն2 IR vessels with no total occlusions, the adjusted HR was 1.25 (95% CI, 1.03 to 1.50; Pϭ0.02).
With respect to subsequent revascularization, all groups of IR patients experienced higher rates of subsequent CABG surgery than CR patients, but the IR patients with total occlusions, particularly those with no other IR, experienced lower rates of subsequent PCI than other patients. Although this appears on the surface to be somewhat good news for IR patients, the fact that they had higher long-term mortality than non-IR patients suggests that they may have benefitted from more subsequent revascularization.
Although diabetics and patients aged Ն80 years who were IR did not have significantly higher mortality than their counterparts who were CR, there was a trend in that direction (HRϭ1.24 and HRϭ1.28, respectively), and the lack of significance would appear to be due in part to lower statistical power for the subgroup analyses.
There are a few reasons why our results may be different than those of earlier studies on the comparison of IR and CR for PCI patients. First, we examined subsets of IR patients that could be expected to have higher long-term mortality risks (patients with total occlusions and patients with Ն2 IR major epicardial vessels after stenting).
Second, with the introduction of stents and other innovations in PCI, short-and long-term outcomes for patients who undergo PCI have improved substantially over the course of the last few years. Thus, diseased vessels that have undergone stent placement can be expected to fare better than diseased vessels that are not treated percutaneously, and this margin may be increasing over time with the reduction in restenosis rates associated with improvements in stent technology.
In addition, most earlier studies were randomized controlled trails (RCTs) whereby patients were carefully monitored periodically for symptoms and the need for subsequent revascularization, whereas our study was an observational study that mirrored real practice. To the extent that the monitoring activities of RCTs identify potential problems earlier than they would otherwise be noted, they may shield patients from the dangers of IR. When patients are not enrolled in RCTs, they are less likely to be monitored as closely and may be more likely to experience restenosis and mortality before seeking or obtaining treatment. For example, comparisons of the results from clinical trials with our study suggest that in clinical trials the tendency for patients to undergo subsequent CABG surgery is much higher among IR patients than among CR patients (10.2% to 2% in 1 year and 32% to 14% in 9 years, respectively, for van den Brand et al 8 and Bourassa et al 9 ) compared with observational studies (7.4% for IR patients compared with 6.6% for CR patients in 3 years in our study).
Another reason for differences in conclusions between our study and earlier studies is more limited statistical power in detecting differences in relatively rare events such as mortality in the RCTs. 21 For example, the largest of the aforementioned trials concluded that there was no difference in 5-year mortality rates of 12.5% for CR patients versus 16.0% for IR patients (Pϭ0.13, power 43%), 9 yet our study found a significant 3-year riskadjusted mortality difference between IR and CR patients when the 3-year risk-adjusted mortality rates were much closer (9.7% for IR patients versus 8.7% for CR patients).
There are some caveats associated with the study. Because it is an observational study, patients were not randomized to IR and CR, and we therefore had to risk-adjust the data to take into account the fact that IR patients tended to be older and sicker than their CR counterparts. In addition, we attempted to reduce selection bias as much as possible by using propensity analyses, which demonstrated that the survival advantage of CR over IR was relatively consistent across various quintiles of predicted tendency of using IR.
Nevertheless, there may be selection biases that could not be controlled and that contribute to the findings of the study. For example, we did not have access to angiographic variables such as occlusion length, calcium, occluded distal vessel size, and territory that might have had an impact on short-term and long-term outcomes.
We do not know the reasons why more vessels were not attempted for the IR cases; in particular, we do not know whether a vessel could have been attempted or if it was impossible because of the nature of the lesion. It is also possible that total occlusions may not have been attempted because they were in previously infarcted regions that would not benefit from revascularization or they are not attempted because they have a low success rate. To test the impact of this possibility on our findings, we expanded the group of exclusions from patients suffering an acute myocardial infarction in the previous 24 hours to patients suffering an acute myocardial infarction at any time before the index admission.
With this exclusion, there were a total of 12 146 patients in the study, 7927 (65.4%) of whom were IR. The mortality HRs for the 3 groups of IR patients with lower long-term survival increased from 1.36, 1.35, and 1.25 to 1.47, 1.52, and 1.35 (with respective probability values of 0.02, Ͻ0.001, and 0.03). Thus, the existence of infarcted regions that would not benefit from CR does not seem to explain the inferior outcomes for subgroups of IR patients.
It is also notable that the range by hospital in percentage of patients who were IR was 52% to 88%, which suggests that there may be differences among hospitals in the willingness to attempt CR in addition to angiographic differences among patients. We believe that the patients who had IR probably had more lesions of a complex nature and that this is one reason why they were IR and therefore had a higher long-term risk. However, this may mean that they would have been better served by CABG surgery, by attempts at CR, or at least by closer monitoring subsequent to IR.
We looked at differences in all-cause deaths because we did not have reliable data on cardiac deaths, although that would have been preferable. In addition, we do not know whether medical therapy after the procedure differed for IR and CR patients, although it seems reasonable to assume that it would have been essentially the same given that the same time frame was used to observe CR and IR outcomes.
Another caveat is that the time interval used to account for staged revascularizations was 30 days after discharge from the hospital, and this may be too short. However, we changed the interval to 60 days, and the results remained essentially unchanged with respect to odds ratios and entirely unchanged with respect to statistical significance.
The results of this study raise the question of the appropriate treatment for IR patients. Two other possible options are complete PCI revascularization and CABG surgery. It should be noted that when CABG surgery was compared with PCI with the use of the same PCI data from New York, CABG surgery was found to yield superior long-term survival and freedom from subsequent revascularization. 22 In addition, similar findings have been reported in other recent observational studies 23, 24 and in a meta-analysis of PCI/ CABG long-term mortality trials. 25 However, all of these studies predate the use of drug-eluting stents. We look forward to continued efforts to identify the appropriate and optimal treatment for patients with multivessel disease.
